Tv-emi, RecordpfAUoy Scmiconduc.orPhy.ics .ndHectronla Sympo.ittni.Joly 14-16. 1993. toii,«ig«,to 

MOVPB Growth of GaAsi.^N^, Alloys 
N.OhkoTichi, S.Mi7oshi, H.Yaguchi, K.Onabe, Y.Shiraki* and R.Ito 

^^Partmeni of Applied Pkysiea, The University of Tokyo 
■■ ' "f'^'l ffongo, BunJtyO'hu, Tokyo 11 S- 

*JUscarch Center for Advanced Science and Technology, The University of Tokyo. 
' i'^j «• : . • 4'6-l Komaha, Meguro-ku, Tokyo 153 

V • 

Alistract' . ' 

(x<0.5l%) ii^te" alloys We been grown on GaA^ snbsirates by 
metelorgamc vapor pkase epitaxy (MOVPE) usin^g l,l-dixnctiylHydxa«i,.e (DMHy) as 
seu«e. Solid versus ^por composition for the GaAs^.^N, growth shows an 
«t,eindy low sohd solubiUty of N in GaAs. and show, a tendency for phase sepaxa- - 
tion where G«N coexists. The incorporation of N in GaAs is dne to non-eqnilibrinm 
arcnnxstances realised in JVEQVPE. Low-temperatnre pKotolnnunescenc. shows a red 

G^ I' T"*"" """'"^^ '^'''^ ^ -«e7 gap of the 

GaAsa.^N, alloy ^ considered to hare a large bowing in its composition- dependence. 

1 • Intro due tiozi 

J^fe^; ^ ^r^te^ n.adr froTP Qnftn fKc = 1 4?.V) n.^ O nM 4EcsaJk3a -e. 
GaAsi N,, Las a great possibiHty to be ntili^ed as a direct gap sendcondnctor which 
covers the entire viable wavelength region. This alloy system, however, is considered 
to have alarge miscibiEty gap. or a low soUd solnbility, as expected frou. the strncturaJ 
nusmatch between the end components; G^s is cnbic («ncblcnde) whereas GaN is 
hexagonal (wnxtzite). Hence the growth of the OaAsi.^N, alloys by a near-equilibxium 
method r. fa, W feasible. This dtnation is nanch tie same with the growth of the 

>f ''^f r 7" '° Q-^^l-xNx alloys with x<1.4% have been 

obtained by pWa-assisled MOVPE using NH3 as the N source f3j. A red shift of 
the photolnnuncscence (PL) as well as the absorption edge has been found {SJ. 
m^TT GaAsi.3,N^ alloys have been grown by MOVPE using 

S MHy a.s th. N .nt,rre . The N incorporation in the MOVPE growth and the PL 
properties of the dilute alloys have been exanuned. The composition dependence of 
the energy gap is also discussed. 
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2. Sxperixnental 

The QaAsi.^cNx alloys were grown on (100) GaAs snbstrates witi a conventional 
low-pressure (60 Torr) MOVPE system witK H2 catriex. aMmethylgaffinm (TMG), 
AsHs and 1,1-dimetliylliydrarinc (DMHy) were used ds tie Ga, As and N sonrcea, 
lespectiTely. DMHy was adopted as tke N source because it was mudi easiez to dis- 
sociate than NHs, a conventional N source, at the growth temperatures of eSO-eSO^C, 
as demonstrated in onr GaN growth studies [4). Prior to the GaAsi.xNx growth, a 
GaAs buffer layer (~4:000A) was grown at TOCC, Then the temperature was, decreased 
to 630-650''C lor the GaAsi.xNx growth. AbHs and DMHy were prefiowed fbr 10 
jnin before the growth. The DMHy/TMG ratio was 140-600, and the AsHg/ TMG 
ratio was 1-100, depending on the alloy composition. The growth rate was typically 
Ipm/houx. The thickness of the grown layer was '^Ipaa. The alloy composition, was 
determined from the x-ray double crystal (511) diilxaction, assuming Hnear dependence 
of the lattice constant on composition. Low-temperature PL spectra were measured, 
using an Ax^-lasex (488 laa) as the endt&tion source. 

3. B^esults and Discussioa 

The relatioxLship between tie bRoj compositioii x and the group V vapor compo- 
siiion, DMHy/(DMHy+AsHs) shown Pig. 1. The GaA^i^^Nx ^ojs with x=?0.1- 
0-5% were obtained when the DMHy content was 98.5-99.3%. No GaAsi^^Nx 
was grown when the DMHy content was 96.8% or less. When the DMHy content 
was increased to more than 99.3%, there was a sudden jump in the solid composition, 
giving a mostly GaN-like phase. Moreover, the GaN-like phase docs coexist with the 
alloys for most growth cases, showing an extremely low solid solubility of N in GaAs, 
and a tep^dency for phase separation. 

Rom the delta lattice parameter (DLP) model [5], the solid solution interaction 
parameter a^for GaAsi_xNx is estimated as 4.6x10^ cal/mol, assuming the cubic GaN 
lattice parameter, 4.5A [4], This valne leads to an extremely high critical temperature, 
Tc(=a^/ 2R)£^12000K, for alloy stability. It also gives the N solubility x<10'^^ in 
GaAs at eSO'^C. So it can be said that the GaAsi.xNx aUoys have been grown under 
a non- equilibrium condition in MOVPE. 

Figure 2 shows the PL spectra of the alloys with x=0.2«% and 0.51% at 17K. 
A PL spectrum of GaAs (x=0.0%) is also contained for comparison. The PL spectra 
of the alloys are considered to be made up of the band-edge peak (higher-energy ade) 
and the defect-related peak. No emission peak was observed in the alloys at the band- 
gap energy of GaAs. Tbe entire spectrum shifts to lower-energy side (red shift) with 
increasing x. 
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Fig.l Solid vexsTis vapor composiiion 
for GaAsi_xNx MOVPB. 
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Fig. 3 Excitaiion-powex dependence 
of PL spectra of GaAsi^^Njc witi 
x=0.28%. 



CO 



c 



Qa As 1.x He 
T=17K , 



XCS0.002B 



x=O.D' 




1.30 1.35 1.40 1.45 1.50 

Photon energy (eV) 



1.55 



Fig.2 PL spectra of GaAsj.^Nx alloys 
at 17K. 
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Fig.4 Tempexatuie dependence of PL 
spectra of GaAs^.x^x witl^ x=: 0.28%, 
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The PL spectra of GaJLsx-xNx (x=0,28%) alloy at 18K as dependent on the 
exataiiou power are shown in Fig. 3, When the excitation power was raned over 
one order of magnitude, the relative intensities between the two peaks arc not much 
changed without any extra features in the spectra. The temperature dependence of the 
PL spectrum is shown in Fig. 4. A monotonic decrease in emission intensity is observed 
up to 95K. These PL behaviors are not contradictory to the band-edge emission:. Thus 
the energy gap of the GbAs^^x^x (^=0.28%) alloy is considered to have an unusually 
large bowing in its composition dependence. This can be oxiginated irom ike large 
difference in the covaient radii between 6aA.s and GaN. ^ 

4. Conclusion 

GaAsi-xNx (x<0.51%) dilute alloys axe grown on GaAs substrates by MOVPB 
using DMHy as the N sonrcc. The GaA^i.^N^ alloy growth shows an extremely low 
solid solability and a tendency fox phase separation. The non-equilibrium circum- 
stances in MOVPE are essential for the alloy growth, A red shift of the PL spectrum 
with increasing N content is observed, A large bowing in the composition dependence 
of the energy gap is assumed. 
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